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ABSTRACT
We use the database from Paper III to quantify the global and nuclear properties of emission-line nuclei in
the Palomar spectroscopic survey of nearby galaxies. We show that the host galaxies of Seyferts, LINERs, and
transition objects share remarkably similar large-scale properties and local environments. The distinguishing traits
emerge on nuclear scales. Compared with LINERs, Seyfert nuclei are an order of magnitude more luminous and
exhibit higher electron densities and internal extinction. We suggest that Seyfert galaxies possess characteristically
more gas-rich circumnuclear regions, and hence a more abundant fuel reservoir and plausibly higher accretion
rates. The differences between the ionization state of the narrow emission-line regions of Seyferts and LINERs
can be partly explained by the differences in their nebular properties. Transition-type objects are consistent with
being composite (LINER/H II) systems. With very few exceptions, the stellar population within the central few
hundred parsecs of the host galaxies is uniformly old, a finding that presents a serious challenge to starburst
or post-starburst models for these objects. Seyferts and LINERs have virtually indistinguishable velocity fields
as inferred from their line widths and line asymmetries. Transition nuclei tend to have narrower lines and more
ambiguous evidence for line asymmetries. All three classes of objects obey a strong correlation between line width
and line luminosity. We argue that the angular momentum content of circumnuclear gas may be an important
factor in determining whether a nucleus becomes active. Finally, we discuss some possible complications for the
unification model of Seyfert galaxies posed by our observations.
Subject headings: galaxies: active — galaxies: nuclei — galaxies: Seyfert — galaxies: starburst — surveys
1. INTRODUCTION
Spectroscopic surveys have shown that emission-line nuclei
are very common in nearby galaxies (see Ho 1996 and refer-
ences therein). Particularly striking is the population of galac-
tic nuclei considered “active,” by which we mean objects whose
energy source ultimately derives from nonstellar processes as-
sociated with accretion onto massive black holes, as is com-
monly believed to be the case for classical Seyfert nuclei and
quasars. According to the survey of Ho, Filippenko, & Sargent
(1997b), which is the subject of the papers in this series, 43% of
galaxies brighter than BT = 12.5 mag can be considered active
galactic nuclei (AGNs) or AGN candidates. Among these, the
majority (2/3) belong to an enigmatic class of sources called
low-ionization nuclear emission-line regions (LINERs; Heck-
man 1980). Ever since their discovery more than 20 years ago,
the physical origin of LINERs has been controversial. While
it is now generally acknowledged that a significant fraction of
LINERs genuinely belong in the AGN family, the situation still
remains unclear for the class as a whole. Discussions of the
competing models and the evidence for and against them can be
found in the reviews by Filippenko (1996), Ho (1999a, 2002),
and Barth (2002).
It should be emphasized that settling the physical origin of
LINERs is more than of mere phenomenological interest. Be-
cause they are so numerous, LINERs could make a tremen-
dous impact on the specification of the faint end of the lo-
cal AGN luminosity function, which is currently very poorly
known (Huchra & Burg 1992). This, in turn, has ramifications
for all astrophysical issues that depend on the statistics of local
AGNs or massive black holes.
We completed an extensive optical spectroscopic survey of
the central regions of nearly 500 nearby galaxies using the 5-
m Hale telescope at Palomar Observatory (Filippenko & Sar-
gent 1985, hereafter Paper I; Ho, Filippenko, & Sargent 1995,
1997a, 1997b, hereafter Papers II, III, and V, respectively; Ho et
al. 1997e, hereafter Paper IV; Ho, Filippenko, & Sargent 1997c,
1997d). This is the largest and most sensitive survey of its kind
that has resulted in, among other things, the discovery of an un-
precedented number of nearby LINERs. This paper systemati-
cally examines the statistical properties of the sample of AGN
candidates in the Palomar survey. The nature of our survey per-
mits a fresh look at basic properties that can be either directly
measured from our spectra or are otherwise available from ex-
isting sources. Another objective is to compare the traits of
LINERs and a related class of nuclei known as “transition ob-
jects” (Ho, Filippenko, & Sargent 1993a; Ho 1996) with those
of Seyfert nuclei, in order to test the proposition that most LIN-
ERs and LINER-like sources truly are accretion-powered sys-
tems. We do not consider H II (star forming) nuclei at length,
except insofar as they illuminate the discussion on the AGN
candidates; several issues related to H II nuclei were treated in
Paper V and Ho et al. (1997c, 1997d).
The quantities analyzed in this paper come from the database
in Paper III. Ho (1996) and Filippenko (1996) have given pre-
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liminary discussions of some of the results presented here; this
paper supersedes the earlier work. As in previous papers in this
series, distance-dependent parameters assume a Hubble con-
stant of H0 = 75 km s−1 Mpc−1.
2. ANALYSIS
The ensuing sections give a comparative analysis of a num-
ber of global and nuclear properties of the various subclasses
of AGN candidates. We wish to elucidate the fundamental
parameters responsible for the observed diversity of spectral
characteristics in emission-line nuclei, and ultimately, to gain
a better physical understanding of nuclear activity in nearby
galaxies. Following the convention established in the earlier pa-
pers of this series, we distinguish three categories of AGN-like
emission-line nuclei: Seyfert nuclei, LINERs, and “transition
objects.” Seyfert nuclei differ from LINERs principally in hav-
ing higher levels of ionization, and transition objects are charac-
terized by spectra that appear to be intermediate between those
of LINERs and nuclear H II regions. In optical line-ratio diag-
nostic diagrams such as those introduced by Baldwin, Phillips,
& Terlevich (1981) and Veilleux & Osterbrock (1987), transi-
tion objects populate the region between traditional H II nuclei
and LINERs. This prompted Ho et al. (1993a) to suggest that
transition objects are composite systems comprised of a nor-
mal LINER nucleus whose signal is diluted or contaminated by
emission from neighboring regions of recent star formation. If
this interpretation is correct, then these sources ought to be in-
cluded in the overall AGN census, to the extent that LINERs
themselves are genuine AGNs. We attempt to test both of these
hypotheses — that transition nuclei are closely related to LIN-
ERs and that both of these groups are similar to Seyferts. In this
paper we adopt the popular viewpoint that all Seyfert nuclei are
bona fide AGNs.
Before proceeding further, we make a few remarks on tax-
onomy. Throughout this paper, for emphasis, we will cast
LINERs, transition objects, and Seyferts as distinctly separate
groups of emission-line objects. While this approach is use-
ful to highlight general population trends, one should recog-
nize that the classification boundaries are fuzzy. This is obvious
from inspection of Figure 7 in Paper III. LINERs and Seyferts
do not form a bimodal distribution in ionization; for example,
the distribution of the [O III] λ5007/Hβ or [O I] λ6300/[O III]
λ5007 ratios is continuous for the LINERs and Seyferts in the
Palomar survey. In the same vein, the division between LIN-
ERs from transition nuclei, or that between transition and H II
nuclei, is largely arbitrary. And lastly, contrary to popular mis-
conception, not every weak emission-line nucleus in an early-
type galaxy is a LINER. As we will later show, in nearby galax-
ies LINERs are typically an order of magnitude underluminous
compared to Seyferts, but the nuclear luminosities of the two
classes overlap generously.
Tables 1a, 2a, and 3a summarize basic statistical properties
for the univariate distributions of various global and nuclear pa-
rameters. For each parameter, we give the mean, the standard
deviation, and the median. Each subclass of object is listed
separately. For reasons given in § 2.1, our discussion focuses
primarily on the spiral galaxies, and in particular on a subsam-
ple restricted to Hubble types Sab–Sbc (T = 2−4); however, for
completeness, we list also the statistics for the entire sample, ir-
respective of Hubble type. We evaluate censored data sets (con-
taining upper or lower limits) using the Kaplan-Meier product-
limit estimator (Feigelson & Nelson 1985). Two-sample com-
parisons between subclasses (Tables 1b, 2b, and 3b) are per-
formed using the Kolmogorov-Smirnov test, and as a con-
sistency check, also Gehan’s generalized Wilcoxon (hereafter
Gehan) test (Isobe, Feigelson, & Nelson 1986). We quote the
significance in terms of the probability of rejecting the null hy-
pothesis that the two distributions are drawn from the same par-
ent population, Pnull. We consider two distributions to be statis-
tically different if Pnull < 5%. The significance of the difference
between two means is evaluated using Student’s t test (Press et
al. 1986). For these three tests, we designate the probability of
rejecting the null hypothesis as PK , PG, and Pt , respectively.
2.1. Host Galaxy Properties
The host galaxies of the AGN candidates show a surprising
degree of homogeneity in their large-scale, global properties.
We found in Paper V that all three subclasses inhabit galaxies of
very similar morphologies, mostly Hubble types ranging from
ellipticals to lenticulars and early-type, bulge-dominated spirals
(Sbc and earlier). The only noticeable difference is that a larger
fraction of elliptical and S0 galaxies contains pure LINERs, and
transition objects tend to be found in galaxies of slightly later
Hubble type. Table 1a shows that the mean and median mor-
phological index (T ) of LINERs is about two units earlier than
those of transition objects and Seyfert galaxies. When we re-
strict the comparison to the spiral subsample, the T distribu-
tions for LINERs and Seyferts become quite similar, but tran-
sition objects remain statistically different compared to LIN-
ERs (Table 1b), by ∆T ≈ 1. Since many global as well as nu-
clear properties vary systematically with Hubble type, we must
be wary of potential selection effects that can be introduced
when comparing samples mismatched in Hubble type. To miti-
gate this problem, we will concentrate our analysis on a highly
restricted subsample comprised only of galaxies with Hubble
types Sab–Sbc (T = 2−4; hereinafter referred to as “the Sb sub-
sample”)1. This range was chosen as a compromise between
the desire to isolate a morphologically homogeneous sample
for each AGN subclass and the need to retain sufficient num-
bers for meaningful statistical analysis. With this choice, all
three AGN subclasses have a mean and median T ≈ 3. The Sb
subsample contains 23 LINERs, 32 transition objects, and 19
Seyferts. For comparison, we also consider a matched subsam-
ple of 36 H II nuclei, constructed by combining all the T = 2 − 3
objects in the parent sample with a randomly chosen subset of
∼ 1/3 of the T = 4 objects; we did not use the full sample of
H II nuclei with T = 4 hosts because this morphological type
contains a higher percentage of H II nuclei than AGNs.
The similarity among the three AGN subclasses can be fur-
ther discerned in their absolute optical luminosities, which are
typically close to, or somewhat in excess of, L∗. As shown
in Table 1b, they also have statistically similar distributions
of bulge luminosities [MB(bul)], neutral hydrogen content (H I
mass normalized to the optical luminosity, MHI/L0B), as well
1 We are forced to violate this rule when examining issues related to type 1 versus type 2 AGNs, objects with and without detectable broad emission lines, respectively.
There would otherwise be insufficient objects for a meaningful analysis. We use, instead, the full subsample of spirals, which fortunately have statistically similar
distributions of Hubble types for each of the two types of LINERs and Seyferts (see Table 1b). The subsample of spirals contains 11 LINER 1s, 39 LINER 2s, 18
Seyfert 1s, and 20 Seyfert 2s.
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TABLE 1a: STATISTICS OF HOST GALAXY PARAMETERS
Parameter Class Number Mean  Median
All Spirals Sb
a
All Spirals Sb
a
All Spirals Sb
a
All Spirals Sb
a
T L 92 48 23 {0.3 2.4 2.8 3.3 1.9 0.85 0.0 2.0 3.0
T 65 44 32 1.6 3.4 3.0 3.2 1.8 0.78 2.0 3.0 3.0
S 51 37 19 1.4 3.0 3.2 3.2 2.0 0.77 2.0 3.0 3.0
H 206 190 36 4.8 5.0 3.1 2.4 2.1 0.68 5.0 5.0 3.0
M
0
B
T
L 94 50 23 {20.38 {20.51 {20.71 1.02 0.93 0.85 {20.46 {20.50 {20.74
(mag) T 65 44 32 {20.27 {20.29 {20.60 0.97 0.89 0.74 {20.26 {20.32 {20.65
S 52 38 19 {20.36 {20.55 {20.57 1.31 1.09 0.84 {20.73 {20.84 {20.76
H 206 190 36 {19.77 {19.77 {20.25 1.67 1.23 0.84 {20.01 {20.03 {20.32
M
B
(bul) L 92 48 23 {19.41 {18.97 {19.20 1.39 1.37 0.77 {19.46 {19.17 {19.27
(mag) T 65 44 32 {18.80 {18.37 {19.01 1.71 1.71 0.78 {19.15 {18.63 {18.92
S 51 37 19 {18.89 {18.69 {18.94 1.79 1.81 0.83 {19.23 {19.23 {19.23
H 188 181 36 {17.28 {17.23 {18.63 1.99 2.01 0.83 {17.85 {17.80 {18.75
(M
HI
/L
0
B
)

L 94 50 23 0.098 0.13 0.12 0.11 0.13 0.075 0.068 0.10 0.10
T 64 44 32 0.15 0.20 0.15 0.17 0.18 0.089 0.12 0.16 0.15
S 50 36 19 0.14 0.17 0.14 0.15 0.16 0.091 0.11 0.12 0.13
H 206 190 36 0.24 0.25 0.17 0.16 0.16 0.12 0.20 0.22 0.17
D
25
L 94 50 23 29.9 31.2 33.9 15.3 15.5 16.9 26.4 26.5 28.4
(kp) T 65 44 32 27.6 29.2 31.7 12.1 12.5 12.8 26.7 27.5 27.8
S 52 38 19 29.1 30.9 30.1 13.1 12.1 10.7 27.9 30.7 29.7
H 206 190 36 23.9 22.7 25.2 22.1 11.3 12.0 21.9 22.1 22.9
d L 94 50 23 26.2 25.4 26.3 16.2 15.9 15.3 22.2 21.4 26.1
(Mp) T 65 44 32 22.3 20.5 21.6 13.0 11.9 12.7 17.0 17.0 17.0
S 52 38 19 26.5 25.7 19.1 17.8 17.2 11.6 20.4 20.4 16.8
H 206 190 36 21.1 20.4 25.0 14.4 12.8 13.5 17.1 17.0 22.3
i L 72 50 23 49.3 48.9 47.7 18.4 18.0 19.1 50.0 49.0 43.0
(degrees) T 55 40 28 55.9 56.7 56.3 16.1 16.5 16.3 58.0 58.0 57.5
S 44 35 18 46.8 48.2 51.7 16.7 17.1 16.6 44.5 46.0 50.5
H 190 175 32 52.1 51.9 54.5 18.4 18.0 15.3 53.5 53.0 56.0
(U  B)
0
T
L 74 36 17 0.36 0.22 0.17 0.17 0.14 0.13 0.38 0.25 0.19
(mag) T 51 31 22 0.24 0.098 0.12 0.23 0.17 0.12 0.23 0.11 0.11
S 35 22 9 0.22 0.12 0.064 0.23 0.20 0.17 0.25 0.065 0.020
H 126 114 24 {0.057 {0.079 0.031 0.18 0.16 0.15 {0.095 {0.10 0.030
(B   V )
0
T
L 85 44 20 0.82 0.73 0.69 0.13 0.12 0.12 0.84 0.76 0.72
(mag) T 59 38 27 0.74 0.65 0.66 0.15 0.11 0.078 0.74 0.67 0.67
S 47 34 17 0.72 0.66 0.64 0.15 0.13 0.11 0.74 0.66 0.62
H 168 156 28 0.54 0.52 0.60 0.15 0.14 0.12 0.52 0.52 0.59
L
FIR
/L
0
B
L 83 46 22 0.078 0.12 0.12 0.081 0.084 0.091 0.054 0.094 0.091
T 62 42 31 0.19 0.27 0.21 0.34 0.39 0.16 0.099 0.17 0.17
S 50 38 19 0.21 0.25 0.25 0.23 0.24 0.26 0.12 0.18 0.13
H 198 182 34 0.36 0.34 0.51 0.55 0.49 0.49 0.23 0.23 0.41
S
60
=S
100
L 75 46 22 0.42 0.33 0.28 0.41 0.13 0.099 0.33 0.31 0.26
T 59 42 31 0.34 0.32 0.30 0.12 0.12 0.099 0.34 0.32 0.31
S 48 38 19 0.40 0.41 0.38 0.18 0.15 0.16 0.36 0.38 0.35
H 197 181 34 0.41 0.40 0.43 0.13 0.13 0.13 0.40 0.39 0.42
S
25
=S
60
L 72 45 21 0.26 0.14 0.11
b
0.31 0.077 0.014
b
0.16 0.12 0.095
b
T 59 42 31 0.16 0.14 0.12
b
0.13 0.084 0.008
b
0.13 0.13 0.12
b
S 47 38 19 0.27 0.25 0.20
b
0.23 0.22 0.043
b
0.16 0.16 0.13
b
H 198 182 34 0.14 0.13 0.13 0.086 0.084 0.050 0.12 0.12 0.13

gal
L 82 45 20 0.78 0.64 0.63 0.89 0.74 0.75 0.44 0.30 0.36
(Mp
 3
) T 57 40 28 0.89 0.65 0.64 1.04 0.67 0.70 0.39 0.34 0.34
S 43 32 18 0.83 0.75 1.07 1.04 0.92 1.13 0.38 0.38 0.53
H 184 172 29 0.63 0.60 0.72 0.75 0.72 0.79 0.30 0.30 0.44

p
L 94 50 23 17.9 20.2 18.7
b
21.5 20.3 3.9
b
9.3 13.9 10.5
b
(D
25
) T 65 44 32 20.3 19.3 23.1
b
24.2 19.1 4.4
b
13.6 13.1 14.9
b
S 52 38 19 21.9 20.9 17.0
b
21.2 20.1 4.5
b
12.7 12.7 8.9
b
H 202 187 36 27.4 28.3 40.9
b
28.9 29.6 8.5
b
18.8 20.0 15.4
b
a
Hubble types Sab{Sb (T = 2  4).
b
Calulated using the Kaplan-Meier produt-limit estimator (Feigelson & Nelson 1985).
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TABLE 1b: COMPARISON OF HOST GALAXY PARAMETERS
Parameter Test L/T L/S L1/L2 S1/S2 L+T+S/H
T P
K
0.319 0.614 0.346 0.987 0.623
P
G
0.285 0.157 0.184 0.975 0.357
P
t
0.299 0.154 0.0936 0.779 0.316
M
0
B
T
P
K
0.541 0.464 0.957 0.680 0.0736
P
G
0.631 0.716 0.543 0.447 0.0375
P
t
0.618 0.602 0.660 0.556 0.0284
M
B
(bul) P
K
0.756 0.419 0.309 0.899 0.0827
P
G
0.386 0.408 0.264 0.522 0.0222
P
t
0.374 0.297 0.124 0.469 0.0136
(M
HI
/L
0
B
)

P
K
0.437 0.666 0.703 0.332 0.131
P
G
0.139 0.606 0.654 0.428 0.116
P
t
0.109 0.414 0.812 0.655 0.0986
D
25
P
K
0.618 0.419 0.346 0.916 0.0131
P
G
0.891 0.752 0.461 0.704 5.610
 3
P
t
0.602 0.382 0.525 0.828 9.910
 3
d P
K
0.235 0.0972 0.478 0.228 0.609
P
G
0.312 0.144 0.512 0.225 0.249
P
t
0.231 0.0919 0.217 0.524 0.344
i P
K
0.207 0.825 0.738 0.997 0.444
P
G
0.0830 0.450 0.574 0.667 0.619
P
t
0.0972 0.476 0.549 0.641 0.710
(U  B)
0
T
P
K
0.309 0.0794 0.458 0.147 0.0437
P
G
0.151 0.0603 0.309 0.324 0.0136
P
t
0.176 0.115 0.111 0.225 0.0123
(B   V )
0
T
P
K
0.0709 0.107 0.753 0.673 0.0227
P
G
0.0823 0.168 0.953 0.358 5.810
 3
P
t
0.327 0.212 0.949 0.269 0.0159
L
FIR
/L
0
B
P
K
0.0366 0.0749 0.817 0.325 1.410
 5
P
G
0.0195 0.0666 0.579 0.953 <110
 5
P
t
0.0151 0.0478 0.409 0.782 7.110
 4
S
60
=S
100
P
K
0.239 0.0344 0.621 0.0583 1.010
 3
P
G
0.307 0.0123 0.515 0.0923 1.010
 4
P
t
0.425 0.0256 0.739 0.0418 5.910
 5
S
25
=S
60
P
K
a
              
P
G
0.356 0.0199 0.124 0.0278 0.355
P
t
a
              

gal
P
K
0.937 0.395 0.364 0.0159 0.987
P
G
0.754 0.149 0.212 0.0110 0.885
P
t
0.935 0.174 0.301 0.177 0.871

p
P
K
0.919 0.666 0.346 0.0135 0.204
P
G
0.777 0.560 0.482 0.0030 0.116
P
t
0.577 0.848 0.605 0.0053 0.0378
NOTE.|The two-sample tests are restricted to the subsample of Sab{Sbc galaxies, with the exception of the comparisons between type 1 and
type 2 objects (L1/L2 and S1/S2), which use the entire sample of spirals. P
K
and P
G
are the probabilities for rejecting the hypothesis that two
samples are drawn from the same parent population according to the Kolmogorov-Smirnov test and the Gehan's generalized Wilcoxon test (Isobe,
Feigelson, & Nelson 1986), respectively. Student's t test (P
t
) evaluates the null hypothesis that two samples have the same mean. The subclasses
of emission-line objects follow the notation of Paper III, where H = H II nucleus, L = LINER, T = transition object (LINER/H II nucleus), S =
Seyfert, and \1" and \2" denote type 1 and type 2 nuclei, respectively.
a
Statistic not calculated because of the large number of censored data points.
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FIG. 1.— Optical colors of Seyferts (solid circles), LINERs (open circles),
transition objects (triangles), and H II nuclei (stars). The colors are based on
integrated magnitudes corrected to face-on orientation. Only Sab–Sbc galaxies
are shown.
as optical isophotal diameters (D25). Transition objects may
be marginally more highly inclined than LINERs, although the
statistical significance is low (PK = 21%, PG = 8.3%, and Pt
= 9.7%), whereas LINERs are indistinguishable from Seyfert
galaxies; we will revisit this point in § 3.3.
The most interesting differences emerge from inspection of
the broad-band, integrated optical colors (Fig. 1) and the far-
infrared (FIR) properties (Fig. 2). Two patterns deserve atten-
tion. Relative to LINERs, transition objects exhibit enhanced
FIR emission (for a given optical luminosity), at the level of
Pnull ≈ 1%–4%. There are no obvious differences in their
FIR colors. This might reflect an elevated level of star forma-
tion, either global or nuclear, in transition objects. Consistent
with this hypothesis, transition objects show mildly bluer in-
tegrated U − B and B − V colors, although the level of signif-
icance is low. Interestingly, Seyfert galaxies too tend to have
higher normalized FIR luminosities and somewhat bluer opti-
cal colors compared to LINERs. But these two groups also
occupy slightly different loci in the FIR color-color diagram
(Fig. 2a): Seyferts have statistically “hotter” FIR colors (higher
S60/S100 and S25/S60 flux density ratios). Although one might
also attribute these characteristics to enhanced star formation
in the Seyfert population, we note that the S25/S60 ratios of the
Seyferts are generally larger than those in H II nuclei. This sug-
gests that the enhanced FIR emission and hotter FIR colors in
Seyferts may instead be due to a higher level of AGN activity
in these objects.
We note that the two types of Seyfert galaxies in our sample
differ in their FIR properties: Seyfert 1s possess higher S60/S100
and S25/S60 ratios than Seyfert 2s. We will discuss the impli-
cations of this result in § 3.5. The two Seyfert types show no
other obvious differences in global properties. LINER 1s and
LINER 2s cannot be distinguished on the basis of their global
properties.
2.2. Environment
Tidal interaction with neighboring galaxies is often cited as
a possible mechanism for triggering nuclear activity. Paper III
gives two parameters that can be used to evaluate the impor-
tance of this effect in our sample: (1) ρgal, defined by Tully
(1988) as the density of all galaxies brighter than MB = –16 mag
in the object’s local vicinity, and (2) θp, the projected angular
separation to the nearest neighbor within a magnitude differ-
ence of ±1.5 mag and a velocity difference of ±500 km s−1,
measured in units of the isophotal angular diameter of the pri-
mary galaxy, D25. After excluding the elliptical and S0 galax-
ies, whose overrepresentation among LINERs might bias that
sample because of the morphology-density relation (Dressler
1980; Postman & Geller 1984), we find that the local environ-
ment, as measured by ρgal and θp, has no impact on the spectral
classification of the nucleus. The same conclusion holds for the
Sb subsample.
The only exception concerns the two subtypes of Seyfert
galaxies: to a relatively high level of significance, Seyfert 1s
inhabit denser environments than Seyfert 2s. The mean and
median galaxy density for Seyfert 1s is 1 and 0.6 Mpc−3, com-
pared with 0.5 and 0.3 Mpc−3 for Seyfert 2s. Even more striking
is the projected distance to the nearest neighbor. For Seyfert 1s,
the mean and median value of θp is ∼12 and 7 D25; for Seyfert
2s, the corresponding values are θp ≈ 29 and 23 D25. In terms
of θp, the differences between the two samples are significant
at the level of PK = 1.3%, PG = 0.3%, and Pt = 0.5%.
2.3. Nuclear Properties
We consider several nebular parameters that might provide
clues to the physical conditions of the line-emitting regions
(see Tables 2a and 2b). We find no significant differences be-
tween LINERs and transition objects in terms of line luminos-
ity2 (LHα; Fig. 3), line equivalent width [EW(Hα)], or electron
density (ne; Fig. 4). An interesting trend seen in the sample of
transition objects, but absent from the others, is the tendency for
more highly inclined sources to show larger amounts of inter-
nal reddening (Fig. 5). The Kendall’s τ correlation coefficient
between E(B −V)int and i is r = 0.70, significant at the level of
99%. The source of dust opacity in transition objects evidently
is somehow coupled to the large-scale disk component of the
galaxy. On average, transition objects tend to be marginally
more reddened than LINERs [〈E(B−V)int〉 = 0.36 vs. 0.19 mag;
Pt = 4.0%]; the reddening distributions for the two classes may
be inconsistent with being drawn from the same parent popula-
tion (PK = 3.6% and PG = 9.7%; Fig. 6).
By contrast, LINERs stand out from Seyfert nuclei in sev-
eral important respects. LINERs have weaker emission lines
[〈EW(Hα)〉 smaller by a factor of ∼8], lower Hα luminosity
(factor of ∼11 in 〈LHα〉), lower density (factor of ∼3 in 〈ne〉),
and lower internal reddening [factor of∼2 in 〈E(B−V )int〉]. The
differences between the two samples for all these parameters
are highly significant according to the Kolmogorov-Smirnov,
Gehan, and Student’s t tests when the full sample of spirals is
considered. The statistical significances are somewhat dimin-
ished for the Sb subsample, probably because of the more lim-
ited statistics. Nevertheless, even a visual inspection of Figures
3, 4, and 6 leaves little doubt that LINERs and Seyferts have
systematically different nebular properties. As discussed
2 Some of the objects in the Palomar survey were observed under nonphotometric conditions. Whenever possible, we supplemented the database in Paper III with Hα
luminosities published in the literature. A list of these data is given in the Appendix.
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TABLE 2a: STATISTICS OF NEBULAR PARAMETERS
Parameter Class Number Mean  Median
All Spirals Sb
a
All Spirals Sb
a
All Spirals Sb
a
All Spirals Sb
a
EW(H) L 93 50 23 3.1 3.5 3.9 4.1 4.6 5.9 1.9 2.2 2.2
(

A) T 64 44 32 3.1 3.8 3.0 4.2 4.8 2.5 1.7 2.0 2.0
S 52 38 19 18 23 30 45 51 66 3.5 4.6 3.3
H 204 187 35 63 63 19 183 190 18 18 18 12
L
H
L 83 42 21 30.6 39.0 24.3 57.8 67.7 51.1 6.6 8.1 8.1
(10
38
erg s
 1
) T 59 40 29 33.7 41.8 30.0 85.7 102 62.5 7.4 7.3 8.1
S 51 37 19 288 320 271 664 718 782 37.2 51.3 27.5
H 187 171 33 193 165 270 561 477 476 18.2 15.9 79.4
n
e
L 83 46 22 281 272 213 275 291 168 210 198 193
(m
 3
) T 63 44 32 264 244 235 325 318 278 176 150 177
S 50 38 19 469 499 559 291 294 309 409 473 482
H 204 187 36 184 175 234 204 194 177 120 106 222
E(B   V )
int
L 90 50 23 0.18 0.22 0.19 0.26 0.29 0.25 0.035 0.075 0.080
(mag) T 60 41 31 0.34 0.37 0.36 0.41 0.43 0.37 0.22 0.35 0.37
S 50 37 18 0.43 0.44 0.40 0.49 0.46 0.38 0.33 0.36 0.42
H 203 188 35 0.47 0.46 0.65 0.35 0.34 0.38 0.43 0.41 0.58
FWHM([N II℄) L 90 48 22 339 304 294 144 130 127 341 287 268
(km s
 1
) T 62 43 32 253 209 221 125 78 79 221 198 215
S 51 38 19 303 309 279 166 179 174 273 263 227
H 203 187 36 135 133 164 61 58 60 123 124 170
a
Hubble types Sab{Sb (T = 2  4).
TABLE 2b: COMPARISON OF NEBULAR PARAMETERS
Parameter Test L/T L/S L1/L2 S1/S2 L+T+S/H
EW(H) P
K
0.975 0.167 0.0809 0.154 <110
 5
P
G
0.885 0.0513 0.0382 0.0273 <110
 5
P
t
0.497 0.109 0.429 0.0590 0.0782
L
H
P
K
0.917 0.0936 0.124 0.446 5.710
 4
P
G
0.868 0.100 0.159 0.544 2.010
 4
P
t
0.828 0.0607 0.522 0.206 5.310
 5
n
e
P
K
0.837 1.710
 4
0.459 0.0321 0.417
P
G
0.766 <110
 5
0.205 0.0114 0.353
P
t
0.715 1.710
 4
0.267 0.0078 0.0862
E(B   V )
int
P
K
0.0361 0.0452 0.535 0.489 3.110
 4
P
G
0.0971 0.0271 0.818 0.156 <110
 5
P
t
0.0403 0.0475 0.477 0.158 5.910
 5
FWHM([N II℄) P
K
0.108 0.517 0.0691 0.264 3.310
 5
P
G
0.0309 0.275 0.0290 0.121 <110
 5
P
t
0.0215 0.747 0.0369 0.257 <110
 5
NOTE.|The two-sample tests are restrited to the subsample of Sab{Sb galaxies, with the exeption of the omparisons
between type 1 and type 2 objets (L1/L2 and S1/S2), whih use the entire sample of spirals. P
K
and P
G
are the probabilities
for rejeting the hypothesis that two samples are drawn from the same parent population aording to the Kolmogorov-Smirnov
and Gehan's generalized Wiloxon tests, respetively. Student's t test (P
t
) evaluates the null hypothesis that two samples have
the same mean. The sublasses of emission-line objets follow the notation of Paper III, where H = H II nuleus, L = LINER,
T = transition objet (LINER/H II nuleus), S = Seyfert, and \1" and \2" denote type 1 and type 2 nulei, respetively.
in more detail in § 3.2, these trends strongly suggest that the
host galaxies of LINERs, and in particular their circumnuclear
regions, contain less gaseous material than the host galaxies of
Seyfert nuclei. We will argue that this difference may translate
into a difference in the amount of fuel available to power the
nuclei.
We note that the electron densities given here, which were
derived from the ratio of the [S II] λλ6716, 6731 lines using the
code of Shaw & Dufour (1993) and the S+ atomic data of Cai &
Pradhan (1993), are significantly lower than the values typically
quoted in older studies of LINERs (e.g., Stauffer 1982b; Keel
1983c; Phillips et al. 1986) and Seyferts (e.g., Koski 1978).
Most of the differences can be attributed to revisions in the
atomic data.
2.4. Kinematic Properties of the Nuclear Gas
The kinematic information contained in the profiles of the
emission lines provides additional constraints on the physical
conditions of the circumnuclear environment. Previous
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FIG. 2.— FIR properties of Seyferts (solid circles), LINERs (open circles), transition objects (triangles), and H II nuclei (stars) derived from IRAS data. Only
Sab–Sbc galaxies are shown. Panel (a) plots the FIR luminosity, LFIR, normalized to the inclination-corrected B-band luminosity, L0B, versus L0B. Panel (b) plots the
FIR colors S60/S100 versus S25/S60. Note that Seyferts have systematically stronger FIR emission and hotter FIR colors than LINERs.
kinematic studies have concentrated almost exclusively on
Seyferts. Aside from a small handful of relatively crude line
width measurements (e.g., Dahari & De Robertis 1988; Whittle
1993, and references therein), little else is known about the line
profiles of LINERs as a class. Scarcer still are data for transi-
tion objects. Indeed, with a few exceptions, the full width at
half maximum (FWHM) of the forbidden lines in LINERs
FIG. 3.— Distribution of extinction-corrected luminosities of the narrow
Hα emission line for the different classes of AGNs. The bins are separated by
0.25 in logarithmic units. The open histograms plot the E and S0 galaxies, the
shaded histograms plot the spiral galaxies excluding Sab–Sbc, and the solid
histograms plot the Sab–Sbc galaxies.
rarely exceeds 500 km s−1, the typical resolution of many pre-
vious surveys. Since the initial study of Heckman (1980), it has
commonly been assumed that the line widths of LINERs are
roughly comparable to those of Seyferts (Wilson & Heckman
1985; Whittle 1985b, 1993), although Stauffer (1982b) has re-
marked, admittedly based on very small number statistics, that
FIG. 4.— Distribution of electron densities, derived from [S II] λλ6716,
6731, for the different classes of AGNs. The bins are separated by units of 50
cm−3. The last bin contains all objects with ne > 1000 cm−3 , and the number
of such objects is indicated. The open histograms plot the E and S0 galax-
ies, the shaded histograms plot the spiral galaxies excluding Sab–Sbc, and the
solid histograms plot the Sab–Sbc galaxies.
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FIG. 5.— Internal reddening of the line-emitting regions plotted against
the inclination angle of the host galaxies. The inclination angles, tabulated in
Paper III, are derived from the isophotal axial ratios. A slight trend toward
larger reddening values in high-inclination (edge-on) systems may be present
in transition objects, while no correlation is apparent for LINERs and Seyferts.
Only Sab–Sbc galaxies are shown.
LINERs seem to have broader lines than Seyferts. The study
of Phillips et al. (1986), whose spectral resolution is compara-
ble to that of the Palomar survey, also has clearly shown that
the typical line widths in LINERs are substantially smaller than
what Heckman had first thought.
Two simple kinematic parameters can be extracted from the
narrow emission lines: their width and sense of asymmetry. As
explained in Paper III, in the Palomar survey the line of choice
for profile measurement is [N II] λ6583, whose width is repre-
sented by its FWHM.
2.4.1. Line Widths
The line widths range from being nearly unresolved (∼100
km s−1) to 500–700 km s−1, with an average FWHM of 339,
253, and 303 km s−1, respectively, for the entire sample of LIN-
ERs, transition objects, and Seyferts (Fig. 7). After isolating the
Sb subsample, the values become 294, 221, and 279 km s−1, re-
spectively. Transition objects tend to have narrower lines than
LINERs, with marginal significance (PK = 11%, PG = 3.1%,
and Pt = 2.2%). LINERs and Seyferts, on the other hand, are
virtually identical in terms of their line widths.
In the central regions of galactic bulges, the velocity disper-
sion of the ionized gas generally traces the velocity dispersion
of the stars (Bertola et al. 1984; Whittle 1992; Nelson & Whit-
tle 1996). Thus, at first sight, the narrower lines seen in tran-
sition objects appear to indicate that the bulges of their host
galaxies have systematically shallower gravitational potential
wells. This interpretation, however, conflicts with our knowl-
edge of the host galaxies (§ 2.1) — the morphological types,
absolute magnitudes, and especially the bulge luminosities are
very similar among the three AGN subclasses. We suggest an-
other explanation: the ionized gas in transition objects is kine-
matically colder than in LINERs or Seyferts. This may arise,
for example, if the line-emitting clouds preferentially lie in a
rotationally supported disk.
FIG. 6.— Distribution of internal reddening values, inferred from compar-
ison of the observed Hα/Hβ ratios to the theoretical value of 3.1 (Halpern &
Steiner 1983) and assuming the Galactic extinction curve of Cardelli, Clay-
ton, & Mathis (1989). The bins are separated by units of 0.1 mag. The open
histograms plot the E and S0 galaxies, the shaded histograms plot the spiral
galaxies excluding Sab–Sbc, and the solid histograms plot the Sab–Sbc galax-
ies.
As first noticed by Phillips, Charles, & Baldwin (1983), and
later quantified more extensively by Whittle (1985b, 1992),
the luminosities of the forbidden lines in Seyfert nuclei pos-
itively correlate with their widths. The interpretation of this
correlation has been controversial, however, mainly because
of the existence of other mutual dependences between line
width, line luminosity, and radio power (Wilson & Heckman
1985). Whittle (1992) suggests that the fundamental param-
eter driving all these correlations is the bulge mass (or cen-
tral gravitational potential) of the host galaxy. The Seyferts
in our sample also display a strong correlation between line
luminosity and line width (Fig. 8), extending it down in lu-
minosity by over two orders of magnitude compared to pre-
viously published samples. For the [O III] λ5007 line, Whit-
tle (1985b) reported a very steep relation with a slope of ∼
6.4. We fitted our data using an unweighted linear regres-
sion line, calculated using the ordinary least-squares solution
bisector with jackknife resampling (Feigelson & Babu 1992),
of the form logLHα = a logFWHM([N II]) + b. We find (a, b)
= (4.7± 0.6, 28.2± 1.4) for the spiral subsample and (a, b) =
(5.7± 0.9, 25.6± 2.3) for the entire sample. Figure 8 shows
— to our knowledge for the first time — that LINERs also
obey the line luminosity-width correlation; Wilson & Heck-
man (1985) previously concluded that they do not. Interest-
ingly, the slope of the correlation in LINERs is noticeably
shallower than in Seyferts; the fits for the spiral and entire
sample yield, respectively, (a, b) = (3.2± 0.8, 31.3± 2.0) and
(2.7± 0.5, 32.3± 1.3). Transition objects behave essentially
the same as the LINERs: (a, b) = (3.5±0.5, 30.7±1.2) for the
spirals and (a, b) = (2.9±0.6, 32.0±1.4) for the entire sample.
Finally, combining all three AGN subtypes, we obtain (a, b) =
(4.0± 0.3, 29.5± 0.8) and (3.6± 0.4, 30.4± 1.0) for the spi-
ral and entire sample, respectively. (We confirmed that the Sb
subsample gives very similar fits as the full spiral sample.)
PROPERTIES OF EMISSION-LINE NUCLEI 9
FIG. 7.— Distribution of line widths (FWHM) of the [N II] λ6583 line
for the different classes of AGNs. The line widths have been corrected for
instrumental resolution. The bins are separated by units of 50 km s−1. The
open histograms plot the E and S0 galaxies, the shaded histograms plot the
spiral galaxies excluding Sab–Sbc, and the solid histograms plot the Sab–Sbc
galaxies.
Keel (1983c) found that in his sample the widths of the for-
bidden lines are well correlated with galaxy inclination angle,
which suggests that motion in the plane of the galaxy disk dom-
inates the velocity field of the narrow-line region (NLR). The
present data set does not support this conclusion; no depen-
dence between FWHM([N II]) and galaxy inclination angle is
seen for the AGN subclasses, either individually or combined.
Other studies have come to a similar conclusion (Heckman et
al. 1981; Wilson & Heckman 1985; Whittle 1985b; Véron &
Véron-Cetty 1986). One can infer that either the NLR does not
have a disklike geometry in the plane of the galactic disk, or that
the component of the velocity field in the galactic plane con-
tributes only a portion of the total observed line widths (Whittle
1985b, 1992).
We mention, in passing, that in light of the dependence of
line width on luminosity, it is hardly surprising that the typical
Seyfert nucleus has much narrower lines than conventionally
assumed. Hence, the criterion for distinguishing Seyfert 2 nu-
clei from “normal” emission-line nuclei (i.e., H II nuclei) based
on the widths of the narrow lines, either as originally proposed
by Weedman (1970, 1977), or as later modified by Balzano &
Weedman (1981), Shuder & Osterbrock (1981), and Feldman et
al. (1982) is clearly inappropriate for the majority of the Seyfert
galaxy population and should be abandoned.
2.4.2. Line Asymmetry
Of course, the FWHM is the crudest, first-order characteri-
zation of the line profile. Actually, the shapes of the emission
lines in most emission-line nuclei, when examined with suffi-
cient spectral resolution (e.g., Heckman et al. 1981; Whittle
1985a; Veilleux 1991; Paper IV), deviate far from simple sym-
metric functions (such as a Gaussian), often exhibiting weak
extended wings and asymmetry. In fact, most Seyfert nuclei
have asymmetric narrow lines, and there seems to be a prepon-
derance of blue wings, usually interpreted as evidence of a sub-
stantial radial component in the velocity field coupled with a
source of dust opacity. It would be highly instructive to see if
this trend extends to LINERs and transition objects, as it could
offer insights into possible differences between the NLRs of
objects with high and low ionization.
The majority of the objects in our survey have emission-
line spectra of adequate signal-to-noise ratio (S/N) that possible
profile asymmetries can be discerned (see Fig. 9 in Ho 1996 and
additional examples in Paper IV). Since the red spectra of our
survey have higher dispersion than the blue spectra (FWHM
resolution ∼100 km s−1 vs. 225 km s−1; see Paper III), we will
work with the red spectra. While formalisms have been devel-
oped to quantify line asymmetries (e.g., Whittle 1985a), here
we take a simpler approach. All the red spectra were visually
examined and assigned an “asymmetry code” according to the
profile shape of the Hα, [N II], and [S II] lines: “B” (blue), “R”
(red), and “S” (symmetric). Ambiguous cases, or those with
low S/N, were excluded. At the resolution of the Palomar sur-
vey, and for the typical velocity dispersions of our galaxies, the
individual components of the Hα+[N II] complex and the [S II]
doublet have well-separated peaks. For objects with adequate
S/N, the sense of the asymmetry is generally noticeable on the
profile at 80% of the peak intensity, or less.
The majority of Seyferts (∼>90%) have sufficient S/N to be
classified. The results are as follows: 29% S, 46% B, and 25%
R. These percentages remain essentially unchanged for the spi-
ral subsample (31% S, 50% B, and 19% R). Quite remarkably,
LINERs show virtually identical statistics. For the objects that
are classifiable (∼75%), we find 30% S, 46% B, and 24% R (all
Hubble types) and 26% S, 58% B, and 16% R (spirals only).
Blue asymmetric profiles are preferentially seen in both types
of objects. Transition objects seem to depart from this trend.
Among the 75% of the sample that can be studied, most show
symmetric profiles and there is no obvious preference for blue
or red asymmetry (all Hubble types: 52% S, 25% B, and 23%
R; spirals only: 56% S, 26% B, and 18% R). We consider the re-
sults for transition objects somewhat less certain because their
narrower lines (§ 2.4.1) make it more difficult to notice pro-
file asymmetries. Moreover, if a significant portion of the line
core in transition objects comes from H II regions, asymmetries
from the AGN component, if present, would be most readily
detectable in the wings of the profile, which are much more de-
pendent on S/N. (Again, there are no gross differences between
the Sb subsample and the full spiral sample.)
To summarize: LINERs and Seyferts exhibit similar trends
in their narrow-line asymmetries, and when present, the sense
of the asymmetry is preferentially to the blue.
2.4.3. Comparison of Profiles for Different Lines
Detailed studies of Seyferts (e.g., De Robertis & Osterbrock
1984, 1986) and LINERs (Filippenko & Halpern 1984; Filip-
penko 1985; Filippenko & Sargent 1988; Ho et al. 1993a, 1996;
Barth et al. 2001) have found that the widths of the forbidden
lines correlate positively with their critical densities. This em-
pirical trend has been interpreted as evidence that the NLRs of
these objects contain a wide range of gas densities (102–107
cm−3), stratified such that the denser material is located closer
to the center. In such a picture, [O I] λ6300 (ncrit ≈ 106 cm−3)
should be broader than [S II] λλ6716, 6731 (ncrit ≈ 3×103
cm−3).
Among the objects with securely determined FWHM for
[O I] and [S II], approximately 15%–20% of LINERs and 10%
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FIG. 8.— Correlation of FWHM of [N II] λ6583 with the luminosity of the narrow Hα line. The line widths have been corrected for instrumental resolution, and
the line luminosities have been corrected for extinction. The data are shown in open symbols for the entire sample and in solid symbols for the sample of spirals. In
each panel, the linear regression line is plotted; its slope is given in the top left corner. The solid line and the slope listed first correspond to the spiral subsample;
the dashed line and the slope listed second refer to the entire sample. Representative error bars are given at the lower right corner of each panel.
of Seyferts show evidence of density stratification in the sense
that FWHM([O I]) > FWHM([S II]) (see Fig. 9 in Ho 1996 for
an example). In no instance is [O I] ever observed to be nar-
rower than [S II]. However, these numbers need to be regarded
with caution. They do not imply that objects failing to show
such profile differences lack density stratification, since a num-
ber of effects can conspire to hide this observational signature
(Whittle 1985c). Furthermore, our ability to discern such subtle
profile differences depends strongly on the S/N and resolution
of the data, and undoubtedly many objects have escaped notice
because of this observational selection effect.
Whittle (1985c) found that Seyfert 1 nuclei have a greater
likelihood of showing profile differences in their forbidden lines
than Seyfert 2 nuclei. The implication is that somehow density
stratification in the NLR is directly related to the presence of a
broad-line region. In the present sample, the same trend seems
to hold (see also Ho et al. 1993a), in that, among those ob-
jects with detectable profile differences between [O I] and [S II],
∼50% of the LINERs and∼80% of the Seyferts have broad Hα
emission, significantly higher than the respective detection rates
of broad Hα in the whole sample (Paper IV). But, once again,
this result is difficult to interpret, since selection effects heavily
favor the detection of both of these traits in objects having data
of high S/N.
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TABLE 3a: STATISTICS OF STELLAR POPULATION PARAMETERS
Parameter Class Number Mean  Median
All Spirals Sb
a
All Spirals Sb
a
All Spirals Sb
a
All Spirals Sb
a
(44   49) L 92 50 23 0.59 0.58 0.59 0.13 0.16 0.13 0.60 0.58 0.60
(mag) T 63 42 31 0.56 0.56 0.58 0.14 0.15 0.13 0.59 0.59 0.61
S 52 38 19 0.54 0.54 0.56 0.15 0.15 0.14 0.59 0.59 0.60
H 201 185 34 0.29 0.29 0.41 0.22 0.22 0.15 0.30 0.31 0.42
A 66 7 2 0.57 0.48 0.56 0.10 0.13 ... 0.59 0.53 ...
(44   66) L 92 50 23 1.53 1.56 1.55 0.31 0.39 0.30 1.52 1.52 1.55
(mag) T 63 42 31 1.50 1.56 1.59 0.40 0.37 0.34 1.54 1.54 1.57
S 52 38 19 1.53 1.55 1.63 0.32 0.34 0.34 1.50 1.53 1.59
H 201 185 34 1.03 1.02 1.32 0.53 0.52 0.39 1.07 1.07 1.32
A 66 7 2 1.40 1.30 1.48 0.18 0.23 ... 1.44 1.38 ...
W (H) L 92 50 23 2.14 2.39 2.20 0.72 0.78 0.52 1.85 2.31 2.16
(

A) T 61 41 31 2.33 2.42 2.39 0.76 0.78 0.75 2.13 2.34 2.39
S 43 30 16 2.06 2.05 2.03 0.68 0.56 0.60 1.85 1.86 1.84
H 189 173 34 3.10 3.09 2.92 0.99 0.94 0.78 2.94 3.00 2.73
A 66 7 2 2.07 2.34 1.89 0.59 0.68 ... 1.89 1.98 ...
W (H) L 92 50 23 1.42 1.86 1.57 1.04 1.05 0.71 1.13 1.70 1.64
(

A) T 61 41 31 1.67 1.88 1.84 0.99 0.98 1.02 1.61 1.69 1.76
S 43 30 16 1.37 1.46 1.47 0.91 0.79 0.86 1.15 1.21 1.16
H 189 173 34 2.77 2.77 2.54 1.19 1.15 0.99 2.61 2.61 2.31
A 66 7 2 1.24 1.73 0.90 0.76 1.16 ... 1.11 1.45 ...
W (Gband) L 92 50 23 4.71 4.45 4.77 1.16 1.40 1.02 4.99 4.68 4.89
(

A) T 61 41 31 4.45 4.27 4.34 1.20 1.31 1.25 4.76 4.54 4.45
S 43 30 16 4.38 4.47 4.87 1.23 1.11 0.84 4.89 4.90 5.03
H 188 172 34 2.07 2.11 2.48 1.55 1.50 1.45 1.88 1.96 2.53
A 66 7 2 4.90 4.41 4.89 0.88 1.11 ... 5.14 4.52 ...
W (Ca4455) L 92 50 23 1.52 1.45 1.51 0.37 0.40 0.41 1.59 1.55 1.60
(

A) T 61 41 31 1.48 1.44 1.49 0.38 0.42 0.40 1.53 1.50 1.52
S 43 30 16 1.54 1.56 1.68 0.39 0.37 0.34 1.61 1.61 1.66
H 189 173 34 0.77 0.78 0.93 0.44 0.43 0.43 0.73 0.75 0.87
A 66 7 2 1.65 1.56 1.84 0.41 0.64 ... 1.73 1.76 ...
hW (Fe)i L 92 50 23 4.81 4.46 4.65 1.06 1.11 0.96 5.07 4.84 4.99
(

A) T 61 41 31 4.53 4.30 4.49 1.18 1.25 1.19 4.73 4.38 4.52
S 43 30 16 4.73 4.76 5.18 1.18 1.13 0.91 4.87 4.77 4.97
H 189 173 34 2.28 2.31 2.73 1.21 1.17 1.22 2.12 2.16 2.64
A 66 7 2 5.04 4.70 5.64 1.04 1.62 ... 5.14 5.42 ...
NOTE.|Class \A" refers to absorption-line nulei.
a
Hubble types Sab{Sb (T = 2  4).
2.5. Nuclear Stellar Content
Paper III gives several parameters that are useful indicators
of the nuclear stellar population, at least in a statistical and
relative sense. These are summarized in Table 3a, and com-
parisons between the different classes of objects are given in
Table 3b. To a first approximation, the three AGN subtypes re-
veal no statistical differences in their nuclear stellar content,
especially after isolating the spiral and Sb subsample. This
is reflected in the spectrophotometric colors [c(44 − 49) and
c(44 − 66] and in the Balmer and metal-line absorption fea-
tures. Figure 9 plots the age-sensitive indices, W (Hβ) and
W (Hγ) against the metallicity-sensitive indices, 〈W (Fe)〉 and
W (Ca4455). All three classes of AGN nuclei overlap consid-
erably, and there are no noteworthy differences among them
(Table 3b). We have also examined the behavior of the G band
near 4300 Å, and it, too, is very homogeneous among the three
classes.
As expected, H II nuclei occupy a distinctly different locus
with respect to the AGN nuclei. They have strong Balmer lines
and weak metal lines — signatures of a young to intermediate-
age stellar population — consistent with the expectation that the
emission-line spectrum of H II nuclei is powered predominantly
by young, massive stars.
Table 3a also lists the statistics for the absorption-line nuclei
(nuclei with no detectable emission lines) from the Palomar sur-
vey. Most of the galaxies are ellipticals and lenticulars, which
have characteristically old stellar populations. The statistics for
the spiral and Sb subsamples are limited, but they do not ap-
pear to be grossly dissimilar from those of the whole sample.
It is striking that both the absorption-line nuclei and the three
classes of active nuclei have such closely matching stellar pop-
ulation parameters. We can infer, from this comparison, that an
old stellar population prevails in most LINER, transition, and
Seyfert nuclei.
3. DISCUSSION
3.1. The Origin of the Low-Ionization State in LINERs
While there is now abundant evidence that a significant frac-
tion of LINERs are accretion-powered sources [see recent re-
views by Ho (1999a, 2002) and Barth (2002)], it is still unclear
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TABLE 3b: COMPARISON OF STELLAR POPULATION
PARAMETERS
Parameter Test L/T L/S L1/L2 S1/S2 L+T+S/H
(44  49) P
K
0.983 0.780 0.994 0.797 <110
 5
P
G
0.589 0.486 0.769 0.529 <110
 5
P
t
0.678 0.506 0.393 0.649 <110
 5
(44  66) P
K
0.950 0.999 0.654 0.0435 2.910
 4
P
G
0.700 0.643 0.734 0.0592 2.010
 4
P
t
0.624 0.445 0.465 0.289 8.310
 4
W (H) P
K
0.261 0.234 0.594 0.0463 8.710
 4
P
G
0.419 0.121 0.287 0.0502 1.010
 4
P
t
0.298 0.352 0.375 0.0351 5.810
 5
W (H) P
K
0.812 0.137 0.255 0.315 2.010
 4
P
G
0.569 0.311 0.287 0.179 <110
 5
P
t
0.246 0.711 0.356 0.0871 5.510
 5
W (Gband) P
K
0.267 0.937 0.957 0.507 <110
 5
P
G
0.202 0.909 0.799 0.897 <110
 5
P
t
0.176 0.747 0.482 0.303 <110
 5
W (Ca4455) P
K
0.375 0.590 0.886 0.924 <110
 5
P
G
0.398 0.272 0.743 0.843 <110
 5
P
t
0.818 0.181 0.972 0.487 <110
 5
hW (Fe)i P
K
0.368 0.438 0.981 0.507 <110
 5
P
G
0.425 0.231 0.824 0.253 <110
 5
P
t
0.587 0.0877 0.719 0.114 <110
 5
NOTE.|The two-sample tests are restrited to the subsample of Sab{Sb galaxies, with the exeption of the omparisons
between type 1 and type 2 objets (L1/L2 and S1/S2), whih use the entire sample of spirals. P
K
and P
G
are the probabilities
for rejeting the hypothesis that two samples are drawn from the same parent population aording to the Kolmogorov-Smirnov
and Gehan's generalized Wiloxon tests, respetively. Student's t test (P
t
) evaluates the null hypothesis that two samples have
the same mean. The sublasses of emission-line objets follow the notation of Paper III, where H = H II nuleus, L = LINER,
T = transition objet (LINER/H II nuleus), S = Seyfert, and \1" and \2" denote type 1 and type 2 nulei, respetively.
what physical parameters actually determine the low-ionization
state in LINERs. In the context of AGN photoionization, the
optical signature of LINERs has been primarily attributed to a
low ionization parameter, U , defined as the ratio of the density
of ionizing photons to the density of nucleons at the illuminated
face of a cloud. Whereas the NLR spectrum of Seyferts can be
well reproduced with logU ≈ −2.5± 0.5 (e.g., Ferland & Net-
zer 1983; Stasin´ska 1984; Ho, Shields, & Filippenko 1993b),
that of LINERs requires logU ≈ −3.5± 1.0 (Ferland & Netzer
1983; Halpern & Steiner 1983; Péquignot 1984; Binette 1985;
Ho et al. 1993a). What factors contribute to the lower ioniza-
tion parameters in LINERs?
The ionization parameter is conventionally related to the
physical parameters of a line-emitting region by the expression
U = QH/(4πr2nc), where QH is the number of ionizing photons
s−1, n is the gas number density, and r is the distance between
the central ionizing source and the illuminated cloud. Recast-
ing the structure of the nebula in terms of a volume filling factor
ǫ, U ∝ (QHnǫ2)1/3. Unfortunately, our observations do not con-
strain ǫ. We can, however, estimate the remaining two variables,
since QH ∝ LHα in an ionization-bounded nebula and n ≈ ne.
From § 2.3, we know that LINERs are intrinsically less power-
ful sources than Seyferts; the typical Hα luminosities differ by
approximately an order of magnitude. On the other hand, the
electron densities in LINERs are lower than those in Seyferts
by a factor of ∼3. Thus, neglecting for the moment possible
systematic variations in ǫ between the two classes, we expect
LINERs to have values of U that are, on average, lower by
∼ 301/3, or ∼3. While this does not fully reconcile the fac-
tor of 10 difference in U between LINERs and Seyferts, it is
the first direct demonstration that systematic variations in neb-
ular conditions may be responsible for the spectral distinction
between low-ionization and high-ionization AGNs.
Clearly, further progress would require data on ǫ, especially
in view of its relatively strong influence on U . For the cen-
tral photoionization picture to remain viable, the emission neb-
ulae in LINERs should have lower volume filling factors than
in Seyferts, on average by a factor of a few. Observational con-
straints on ǫ can be derived from knowledge of the size of the
NLR, in conjunction with its line luminosity and density. The
ground-based narrow-band imaging surveys of Keel (1983b)
and Pogge (1989a), which included a number of nearby LIN-
ERs, find that the majority of them have fairly compact, cen-
trally concentrated NLRs. The emission cores are generally
unresolved or only marginally resolved under 1′′–2′′ seeing.
This result has been verified for a limited sample of 14 LIN-
ERs imaged with the Hubble Space Telescope (HST): the bulk
of the line emission is confined to size scales of tens to hun-
dreds of parsecs (Pogge et al. 2000). The compact morphology
of the NLRs in LINERs ostensibly seems to differ from the ex-
tended emission-line structures and ionization cones commonly
associated with Seyfert galaxies (e.g., Pogge 1989b; Mulchaey,
Wilson, & Tsvetanov 1996). However, one must regard this
comparison with some caution. Past emission-line
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FIG. 9.— Stellar absorption indices indicative of the age [W (Hβ) and W (Hγ)] and metallicity [〈W (Fe)〉 and W (Ca4455)] of the stellar population, as defined in
Paper III, for Seyferts (solid circles), LINERs (open circles), transition objects (triangles), and H II nuclei (stars). Only Sab–Sbc galaxies are included.
imaging studies have targeted Seyferts that are generally much
more luminous than the “garden-variety” sources represented
in the Palomar survey. If the linear extent of the NLR corre-
lates with line luminosity, as found by Mulchaey et al. (1996),
it is possible that the majority of nearby Seyferts have more
compact NLRs than previously believed. The work of Keel
(1983b) tentatively supports this hypothesis. The majority of
the galaxies in Keel’s study overlap with the Palomar survey,
and thus can be spectroscopically classified according to our
system. In all, there are six Seyferts and 15 LINERs, and the
average seeing-corrected FWHM sizes of the Hα+[N II] emis-
sion regions are, respectively, 4.4′′ and 3.5′′. These statistics
are clearly too limited to be definitive, but they illustrate that
the NLRs of nearby (low-luminosity) Seyferts may indeed be
quite compact. It would be desirable to address these issues
by conducting a high-resolution imaging survey of the Palomar
LINERs and Seyferts matched in line luminosity and Hubble
type.
A common theme echoed throughout this paper is that LIN-
ERs and Seyferts share, perhaps surprisingly, a large number
of traits. After factoring out slight differences in Hubble type
distribution, the global properties of their host galaxies are vir-
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tually identical. The distinguishing features that emerge all per-
tain to the circumnuclear environment: LINERs have lower gas
densities and less internal reddening relative to Seyferts. This
suggests that the central regions of LINERs have characteris-
tically lower amounts of cold interstellar material. It is rea-
sonable to speculate that the lower circumnuclear gas content
may lead to a reduction in the gas reservoir available to fuel
the central engine, which in turn explains the observed lower
luminosity output.
A sizable reduction in accretion rate can have other conse-
quences. Several recent studies have remarked that the broad-
band spectral energy distributions of low-luminosity AGNs,
particularly LINERs, are systematically different from those of
higher luminosity sources such as classical Seyfert 1 nuclei and
quasars (Ho 1999b, 2002; Ho et al. 2000). The most salient fea-
ture is a marked deficit of optical and ultraviolet (UV) photons
normally attributed to thermal emission from an optically thick,
geometrically thin accretion disk. As suggested by Ho (2002),
this modification of the spectral energy distribution hardens the
ionizing radiation field, which, all else being equal, boosts the
strengths of the low-ionization lines. This effect, however, is
likely to be only secondary compared to the variation in ioniza-
tion parameter.
3.2. The Role of Shocks
The relevance of shocks to the excitation of LINERs has been
a topic of ongoing debate ever since LINERs were first identi-
fied (Koski & Osterbrock 1976; Fosbury et al. 1978; Heckman
1980; Dopita & Sutherland 1995; Alonso-Herrero et al. 2000;
Sugai & Malkan 2000). Optical emission-line diagnostics, un-
fortunately, do not discriminate well between shocks and con-
ventional AGN photoionization. Although the UV region offers
more promise, according to the fast-shock (υ ≈ 150 − 500 km
s−1) models of Dopita & Sutherland (1995), to date none of the
LINERs that have been studied spectroscopically in the UV us-
ing the HST have revealed the predicted strong high-excitation
UV lines (see summary in Ho 1999a, and references therein)3.
The present work has some relevance to the issue of shocks.
From analysis of the line profiles (§ 2.4), we find that the nu-
clear ionized gas in LINERs and Seyferts have comparable ve-
locity dispersions; depending on Hubble type, 100∼< υgas ∼< 170
km s−1, where υgas = 0.5 FWHM([N II]). Now, in spiral galaxies
at least part of the line width observed through a ground-based
aperture must come from spatially unresolved rotation of the in-
ner disk, and so the true random, cloud-cloud impact velocities
should be less than υgas. Even so, these velocities already fall
considerably short of the values assumed in fast-shock mod-
els. Moreover, if LINERs are preferentially shock excited, one
would naively expect their internal gas motions to be higher
than in Seyferts, contrary to what is observed. In fact, judging
by the frequency with which asymmetric narrow-line profiles
are observed in LINERs, as well as the clear preference for the
asymmetry to occur blueward of the line center, the bulk veloc-
ity field of their NLRs appears to be remarkably similar to that
of Seyferts.
3.3. The Role of Stellar Photoionization and the Nature of
Transition Objects
Beginning with the work of Terlevich & Melnick (1985),
there have been a number of attempts to invoke photoioniza-
tion by hot, young stars as the primary source of excitation for
LINERs and related objects. As with the shock models dis-
cussed above, the main motivation for the stellar-based models
is clear: if alternatives to AGN photoionization can be found to
give a satisfactory explanation of LINERs, then LINERs should
not be regarded as AGNs. Filippenko & Terlevich (1992) and
Shields (1992) showed that the primary optical spectral features
of transition objects4 can be reproduced by photoionization by
O-type stars having effective temperatures ∼>45,000 K embed-
ded in an environment with high density and low ionization pa-
rameter. Taniguchi, Shioya, & Murayama (2000) advocate that
the ionization source for LINERs can be supplied by a cluster
of planetary nebula nuclei formed 100–500 Myrs following a
nuclear starburst.
An improved treatment of the problem studied by Filippenko
& Terlevich (1992) and Shields (1992) was recently presented
by Barth & Shields (2000), who modeled the ionizing source
not as single O-type stars but as a more realistic evolving young
star cluster. Barth & Shields confirm that young, massive stars
can indeed generate optical emission-line spectra that match
those of transition objects, but only under the following con-
ditions: the cluster needs to be formed in an instantaneous
burst, its metallicity should be solar or greater, and its age must
lie in the narrow range ∼3–5 Myr. The latter restriction en-
sures that there are sufficient Wolf-Rayet (W-R) stars available
to supply the extreme-UV photons necessary to boost the low-
ionization lines. As Barth & Shields emphasize, however, sim-
ple considerations of the demographics of emission-line nuclei
observed in the Palomar survey (Paper V) indicate that the star-
burst model is unlikely to apply to most transition objects, es-
pecially those hosted by earlier-type galaxies.
The models of Barth & Shields (2000) also succeed in ex-
plaining the optical spectra of bona fide LINERs, again pro-
vided that the starburst is caught during the brief phase when W-
R stars exist. To achieve consistency with the relative strengths
of [O I], [N II], and [S II] observed, the models additionally re-
quire above-solar metallicities and the coexistence of a high-
density and a low-density component, similar to the scenario
envisioned by Shields (1992). As with the transition objects,
however, the starburst model for LINERs appears to be applica-
ble only to late-type galaxies, which host only a small fraction
of the known LINERs.
As recognized by Barth & Shields (2000), the critical role
played by W-R stars in their model presents a somewhat per-
plexing problem: why do LINERs and transition objects almost
never show W-R features (e.g., the broad “bump” near 4650 Å)
in their spectra? Conversely, why do galaxies with detected
W-R features (“W-R galaxies”; see Conti 1991) seldom qualify
as LINERs or transition objects according to their narrow-line
spectra? Since W-R features are recognized most commonly,
and perhaps selectively, in late-type galaxies, Barth & Shields
(2000) speculate that the absence of LINER-like spectra in W-R
galaxies may be a consequence of their low metallicity, and pos-
sibly low density. They attribute the apparent rarity of the W-R
bump in LINERs and transition nuclei to the difficulty of detect-
ing this weak, broad feature in the presence of strong starlight
contamination from the bulge of the host galaxy. We do not
3 The case discussed by Dopita et al. (1997) concerns the circumnuclear disk of M87, not the nucleus itself. Sabra et al. (2002) show that the UV–optical spectrum of
the nucleus of M87 is best explained by a multi-component photoionization model.
4 Filippenko & Terlevich (1992) and Shields (1992) refer to these sources as “weak-[O I] LINERs,” but they are equivalent to transition objects.
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believe this to be the case. While contamination from the un-
derlying bulge stars indeed does pose a serious challenge to de-
tecting weak emission lines in galactic nuclei, all emission-line
measurements from the Palomar survey were done after care-
ful starlight subtraction (Paper III). To be sure, the correction
for starlight was not perfect in all cases, especially for objects
with extremely weak emission lines. Nonetheless, Hβ emis-
sion is detected unambiguously in the vast majority of the LIN-
ERs and transition nuclei in the Palomar survey. Furthermore,
the starlight-subtracted spectra in the region of the W-R bump
(∼ 4600−4700 Å) have residuals comparable to that of the con-
tinuum near Hβ. For high (∼> solar) metallicities, the strength
of the W-R bump is expected to be comparable to, if not greater
than, that of Hβ (Schaerer & Vacca 1998). It is thus hard to
imagine how it could have been missed, especially considering
the size of the Palomar sample (∼160 LINERs and transition
objects).
Are there other indications that low-ionization nuclei contain
young stars? The two best examples are NGC 404 (a LINER)
and NGC 4569 (a transition object). Both objects have a promi-
nent nuclear star cluster detected in HST UV images (Maoz et
al. 1995; Barth et al. 1998), and follow-up spectroscopy re-
veals that the UV light is dominated by emission from massive,
young stars (Maoz et al. 1998). Although the youth of the nu-
clear stellar population in NGC 404 and NGC 4569 manifests
itself most dramatically in the UV, it is also unmistakable in the
optical. The blue Palomar spectra of these two objects (Paper
II) show extremely prominent Hγ and Hβ absorption lines. We
measure W (Hγ) = 3.4 and 4.5 Å and W (Hβ) = 3.6 and 4.5 Å
for NGC 404 and NGC 4569, respectively. The metal lines are
correspondingly weakened by dilution from the continuum of
hot stars. The respective indices for NGC 404 and NGC 4569
are W (Gband) = 1.8 and 0.74 Å, W (Ca4455) = 0.68 and 0.37 Å,
and W (〈Fe〉) = 2.3 and 1.4 Å. The vast majority of LINERs and
transition nuclei, however, do not resemble NGC 404 and NGC
4569. UV-bright nuclei, whether stellar or nonstellar, occur in
only ∼20%–25% of nearby AGNs (Maoz et al. 1995; Barth et
al. 1998). More striking still, as shown in § 2.5, active nuclei
in nearby galaxies, irrespective of spectral classification, con-
tain predominantly old stellar populations. The optical stellar
indices of NGC 404 and NGC 4569 (given above) are highly
unrepresentative of the bulk of LINERs and transition nuclei of
similar Hubble type (see Table 3a).
How confident are we that young stars cannot be present in
significant numbers? Perhaps the number of young stars re-
quired to drive the emission lines would be imperceptible in
the presence of the more abundant old stars. To evaluate this
possibility, consider the following. The average Hα luminosity
of LINERs and transition objects, ∼3×1039 erg s−1, if gener-
ated under Case B recombination, corresponds to an ionizing
photon rate of ∼3×1051 s−1. If the ionization can be entirely
attributed to an ongoing starburst, say at an age of 5 Myr, we
estimate from the models of Leitherer et al. (1999) that the as-
sociated stellar component has an absolute B-band magnitude
of MB ≈ −14.5 mag. We have chosen the calculations that as-
sume solar metallicity and a Salpeter stellar initial mass func-
tion with an upper-mass cutoff of 100 M⊙. This can be directly
compared to the nuclear optical magnitudes compiled in Pa-
per III, which were derived from our spectrophotometric mea-
surements. The average monochromatic absolute magnitude at
4400 Å is 〈M44〉 = −16.1 mag for LINERs and 〈M44〉 = −15.5
mag for transition nuclei. The starburst component, if present,
would comprise ∼25%–40% of the observed B-band light, and
thus should be readily detectable.
The above considerations cast doubt on the general appli-
cability of models that seek to account for the excitation of
LINERs and transition nuclei using young stars. Models that
rely on a starburst rich in W-R stars, such as that by Barth &
Shields (2000), face the puzzle that W-R stars are rarely de-
tected in these systems. Post-starburst models (e.g., Taniguchi
et al. 2000) bypass this problem, but like the starburst mod-
els, they cannot escape the predicament that the nuclear stellar
population is demonstrably old.
Ho et al. (1993a) originally proposed that transition objects
are composite in nature, namely systems consisting of a “nor-
mal” LINER nucleus whose signal has been diluted by neigh-
boring, circumnuclear H II regions, or simply by H II regions
projected along the line of sight into the spectroscopic aperture.
This seems to be the most natural explanation for their location,
sandwiched between H II regions and LINERs, in optical line-
ratio diagrams. A similar argument, based on decomposition of
line profiles, has been made by Véron, Gonçalves, & Véron-
Cetty (1997) and Gonçalves, Véron-Cetty, & Véron (1999). As
noted in Paper V and in § 2.1, the overall distribution of Hubble
types for transition objects tends to be skewed toward later mor-
phologies. This is not unexpected, to the extent that star forma-
tion is more prevalent in later type galaxies. More intriguingly,
we find that the host galaxies of transition nuclei seem to ex-
hibit systematically higher levels of recent star formation com-
pared to LINERs of matched morphological types (i.e., within
the Sb subsample). This is suggested by the higher LFIR/L0B
ratios and mildly bluer broad-band optical colors in transition
objects. Since these are spatially unresolved measurements,
however, we do not know the location of the enhanced star for-
mation. Moreover, we showed that the host galaxies of tran-
sition nuclei also have a tendency to be slightly more inclined
than LINERs. Thus, all else being equal, transition-type spec-
tra seem to be found precisely in those galaxies whose nuclei
have a high probability of being contaminated by extra-nuclear
emission from star-forming regions.
The above proposition, it may be argued, seems to be at odds
with the stellar population of transition nuclei. If star-forming
regions contribute significantly to the integrated nuclear emis-
sion of transition objects, then why is there no strong evidence
that they have a younger population than LINERs5? This ap-
parent inconsistency perhaps can be resolved by recognizing
that in giant H II regions the line-emitting regions can be con-
siderably more extended than, and often offset from, the stellar
continuum sources (see, e.g., Whitmore et al. 1999; Maoz et al.
2001). A spectroscopic aperture, therefore, can intercept signif-
icant line emission from near-nuclear or projected H II regions
without admitting much of the associated continuum light.
3.4. The Role of Interactions
The influence of the local environment on nuclear activity is
not the primary subject of this investigation, but our analysis
touches upon a few items relevant to this issue. Although tidal
interactions have been well demonstrated to have an important
influence on nuclear star formation, their influence on AGN
activity, albeit often implicated in the literature, is far from
5 The stellar population parameters of transition nuclei indeed do indicate systematically younger ages than LINERs (Table 3a), but the differences are not large
enough to be statistically significant.
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clear. This is especially true of lower luminosity AGNs such
as Seyfert nuclei (see Combes 2001, and references therein).
Statistical studies of this type are at the mercy of selection ef-
fects and sample biases. In this respect, the Palomar survey has
a number of merits, as emphasized by Ho & Ulvestad (2001).
Schmitt (2001), taking advantage of this fact, has studied the
frequency of companions for galaxies with different nuclear
types in the Palomar survey. The approach taken by Schmitt is
very similar to ours. He evaluates the influence of companion
galaxies using ρgal taken from Paper III and a parameter equiva-
lent to, but quantitatively slightly different from, θp. A galaxy is
considered to have a companion if another galaxy with a mag-
nitude difference of±3 mag and a velocity difference of±1000
km s−1 is found within a separation of 5 D25 of the primary. By
either measure, Schmitt concludes that the local environment
has no correlation with the activity type, as long as one properly
accounts for the morphology-density relation. This is precisely
what we found in § 2.2. Thus, although non-axisymmetric per-
turbations from galaxy interactions may be effective in driv-
ing gas from galactic scales (∼10 kpc) to the circumnuclear
region (∼ 0.1 − 1 kpc), wherein nuclear starbursts may ignite
(e.g., Barnes & Hernquist 1991), the gas evidently has more
trouble dissipating to scales pertinent to feeding a central black
hole (∼<1 pc). Ho et al. (1997d) arrived at the same conclusion
in considering the effect of bars on nuclear activity found in the
Palomar survey. Schmitt notes that the null effect of compan-
ions on AGN fueling cannot be easily dismissed by appealing
to the low level of activity represented by the Palomar objects.
The frequency of companions for the Palomar Seyferts appears
to be comparable to that in the much more luminous sample
studied by Schmitt et al. (2001).
3.5. Seyfert Galaxies: Not So Unified?
According to the simplest version of AGN unification (see,
e.g., Antonucci 1993; Wills 1999), type 2 Seyferts are intrin-
sically the same as type 1 Seyferts, but viewed from an angle
in which a small-scale dusty “torus” obscures its broad-line re-
gion. For this picture to hold, we expect both types to have
similar isotropic properties. As before, here it is of paramount
importance to minimize potential selection effects, which tra-
ditionally have plagued analyses of this kind. The Palomar
sample is again quite valuable in this regard. Its main disad-
vantage is the small size; when the analysis is confined to the
spiral galaxies, there are only 18 Seyfert 1s and 20 Seyfert 2s.
Nonetheless, some trends are apparent.
As can be seen from Table 1b, the host galaxy parameters
of both types of Seyferts are mostly well matched, with the
following exception. Relative to Seyfert 2s, Seyfert 1s have
comparable FIR emission (normalized to the optical) but hot-
ter FIR colors (higher S60/S100 and S25/S60 ratios). Models of
optically thick obscuring tori (e.g., Pier & Krolik 1992; Efs-
tathiou & Rowan-Robinson 1995) predict a significant degree
of anisotropy for the infrared emission, such that face-on tori
should be hotter than edge-on tori. The systematic differences
in FIR colors are therefore in qualitative agreement with the
model predictions. Heckman (1995), by comparing the ratio
of 10 µm emission to 1.4 GHz and [O III] λ5007 luminosity
in broad-line versus narrow-line AGNs, also concluded that the
mid-infrared emission must be emitted anisotropically.
In terms of nuclear properties, we find that Seyfert 1s tend to
have weaker stellar indices than Seyfert 2s. This result is sim-
ple to understand in terms of dilution by the stronger feature-
less continuum in Seyfert 1s, because relative to Seyfert 2s they
have a more dominant, directly viewed AGN component com-
pared to the underlying galaxy. Although both Seyfert types
have similar narrow-line Hα luminosities (Table 2b), the total
(narrow plus broad) line luminosity of Seyfert 1s is higher than
that of Seyfert 2s. Thus, this result does not conflict with the
unified model either.
Two points, however, are less straightforward to grasp. Taken
at face value, they appear to violate the simplest formulation of
the unified model. First, as mentioned in § 2.2, Seyfert 1s seem
to prefer environments of higher galaxy density than Seyfert
2s. Since both subsamples are well matched in Hubble type
and total galaxy luminosity, we cannot dismiss it by appealing
to the morphology-density effect. Second, Seyfert 1s have sta-
tistically higher NLR electron densities than Seyfert 2s. Their
density distributions differ at the level of PK = 3% and PG = 1%,
while the difference in their means (632 and 380 cm−3, respec-
tively) is significant at the level of Pt = 0.8%.
The following complication, however, might obviate the
above apparent inconsistency with the unified model. The spec-
tral classifications in the the Palomar survey, as in all large spec-
troscopic surveys, are based on integrated-light spectra, with no
means of distinguishing scattered emission from direct emis-
sion. The Palomar survey contains a large number of objects
with very weak broad lines, many classified as type 1.8 or type
1.9 sources. For these objects, we do not know for sure whether
the broad-line emission is viewed directly or is largely reflected
into our line of sight. If the latter is true, as in the case of NGC
1068 (Antonucci & Miller 1985), then such objects should be
classified as type 2 rather than type 1 objects. Sensitive spec-
tropolarimetric observations of the Palomar Seyferts are needed
before they can be used to definitively test the unified model.
3.6. What “Activates” Galactic Nuclei?
Dynamical studies suggest that most, perhaps all, galactic
bulges contain massive black holes (Magorrian et al. 1998;
Gebhardt et al. 2002). Insofar as AGNs signify black hole ac-
cretion, AGN surveys can serve as an alternative and efficient
tool to assess black hole demographics. As noted by Ho (2002),
the high AGN fraction among bulge-dominated galaxies in the
Palomar survey (∼>50%–75% for E–Sbc galaxies) supports the
idea that black holes are ubiquitous in bulges. What about the
small, but still sizable, minority of bulged galaxies that are clas-
sified as H II nuclei? Why are they “inactive”? One possibility
is that they lack black holes. A more mundane alternative, how-
ever, is that the AGN signal is simply swamped by the much
more dominant light from the H II regions. Among Sb galaxies,
for instance, the Hα luminosity of H II nuclei easily rivals that
of Seyferts and typically exceeds that of LINERs and transition
objects by an order of magnitude. If this scenario is correct, we
expect that spectra taken at high spatial resolution would look
progressively more AGN-like.
Table 1 shows that the host galaxies of H II nuclei tend to be
slightly richer in atomic hydrogen compared to the host galax-
ies of AGNs, although we know little of the internal distribution
of the gas. The higher gas content plausibly leads to elevated
star formation, both on nuclear scales, as reflected in the spec-
tral classification, and on galaxy-wide scales, as indicated by
the integrated optical colors and FIR properties. An additional
trend is noteworthy. For a given Hubble type, H II nuclei are
preferentially found in galaxies of somewhat lower total opti-
cal luminosity; they tend to be less luminous than AGN hosts
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by ∼ 0.3 − 0.4 mag. This is probably just a consequence of the
inverse correlation between gas content and optical luminosity
in spiral galaxies (Roberts & Haynes 1994). The systemati-
cally lower luminosities account for the more compact isopho-
tal diameters (Holmberg 1975) and reduced bulge luminosities,
which depend directly on the total luminosities.
With the knowledge that all bulges are likely to contain mas-
sive black holes, and therefore the necessary condition to host
AGNs, the longstanding, unanswered question of what triggers
the activity becomes even more acute. Apparently, the mere
availability of gas on circumnuclear scales — inferred from the
strong line emission and high internal reddening in H II nuclei
— is not sufficient; most of the gas never gets accreted, hence
leading to the low level of activity that we speculate lies masked
by the H II regions. The key issue, then, is what factors pre-
dispose a galactic nucleus to convert most of its gas into stars
instead of funneling it to feed the central engine. Environment
seems to matter little, as discussed in § 3.4. On nuclear scales,
the density of the gas, at least in the warm ionized phase, is
not grossly different between AGN and non-AGN hosts. The
most disparate trait between the two samples is the width of
the emission lines. Among Sb galaxies, 〈FWHM([N II])〉 = 164
km s−1 for H II nuclei, whereas 〈FWHM([N II])〉 = 258 km s−1
for LINERs, transition objects, and Seyferts combined; the two
samples differ at a very high level of significance (PK ≈ PG ≈ Pt
∼< 10
−5; Table 2b). The slight difference in total or bulge lu-
minosity between the two groups cannot account for such a
large difference in line widths. The gas in the central regions
of galaxies hosting H II nuclei is kinematically colder than in
galaxies that host active nuclei. Expressed in another way, the
gas surrounding H II nuclei has higher angular momentum than
the gas in AGN nuclei. Thus, the angular momentum content of
the circumnuclear gas may be the critical factor that determines
whether material can be channeled to the center for AGN fuel-
ing.
4. SUMMARY
We have used the database assembled in Paper III to quan-
tify statistically the global and nuclear properties of the vari-
ous subclasses of emission-line nuclei found in nearby galax-
ies. To mitigate spurious results that can arise from differences
in Hubble type distribution, we have focused our attention on
a restricted set of Sab–Sbc galaxies. The main results can be
summarized as follows.
1. The host galaxies of LINERs, transition nuclei, and
Seyferts have fairly uniform large-scale properties. The
most notable exception is that transition objects, relative
to LINERs, tend to be somewhat more highly inclined
and show mild evidence for enhanced star formation.
2. The nebular parameters of LINERs are broadly similar
to those of transition nuclei, but they differ quite dra-
matically from those of Seyferts. Seyfert nuclei tend to
have significantly stronger line emission, denser gas, and
higher levels of internal reddening. These trends suggest
that Seyferts have more gas-rich circumnuclear environ-
ments, and plausibly larger accretion rates, than LIN-
ERs.
3. The characteristically lower nuclear luminosities and
densities of LINERs compared to Seyferts can partly ac-
count for the difference in ionization parameter between
these two classes of objects.
4. The line-emitting regions in LINERs and Seyferts share
very similar kinematics. This is reflected both in their
line widths and profile asymmetries. Transition objects,
by contrast, exhibit markedly narrower emission lines,
presumably because a greater fraction of its ionized gas
has disklike kinematics. All three classes obey a corre-
lation between line luminosity and line width, approxi-
mately of the form L∝ FWHMa, with a≈ 3 − 4.
5. Based on the modest gas velocity dispersions observed
in LINERs and Seyferts, as well as their similarity be-
tween the two classes of objects, we argue that fast
shocks are unlikely to be an important contributor to the
excitation of LINERs.
6. The central regions of most nearby AGNs have uni-
formly old stellar populations. We show that this poses a
serious obstacle to models that invoke young stars as the
primary energy source to power the emission lines.
7. The hypothesis that transition objects are composite
LINER/H II nuclei remains viable as long as the H II re-
gion component does not contribute appreciably to the
measured stellar continuum.
8. Consistent with other recent studies, we find that the lo-
cal environment, as measured through either the local
galaxy density or the distance to the nearest sizable com-
panion, has a negligible effect on the general spectral
class of emission-line nuclei (Seyferts, LINERs, or tran-
sition objects).
9. Type 1 and type 2 Seyferts have largely, but not com-
pletely, similar global and nuclear properties. Two of
the differences between the two types, as reflected in the
local environment of the host galaxies and in the elec-
tron densities of the emission-line regions, may present
a challenge for unification models for Seyfert galaxies.
10. The primary trait that distinguishes AGN and non-AGN
host galaxies on small scales appears to be the velocity
field of the nuclear gas. The line-emitting gas in H II
nuclei is systematically kinematically colder, and hence
has higher angular momentum, than the gas in active nu-
clei. We suggest that the angular momentum content of
the nuclear gas may be a critical factor that determines
whether gas can flow to the center to feed an AGN.
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TABLE 4
SUPPLEMENTARY H LUMINOSITIES
Galaxy log (L
H
/erg s
 1
) Galaxy log (L
H
/erg s
 1
)
IC 239 36.89 NGC 4382 <38.10
IC 342 38.00 NGC 4388 40.26
NGC 147 <35.19 NGC 4406 <37.82
NGC 205 <34.79 NGC 4414 38.47
NGC 221 <36.19 NGC 4417 <37.88
NGC 507 <38.74 NGC 4421 <37.37
NGC 628 <36.69 NGC 4424 39.56
NGC 821 <38.13 NGC 4442 <37.98
NGC 1023 <37.82 NGC 4450 38.51
NGC 1052 39.45 NGC 4461 <37.92
NGC 1068 41.53 NGC 4473 <38.06
NGC 1358 40.19 NGC 4478 <37.67
NGC 1667 40.17 NGC 4494 <37.54
NGC 2300 <38.19 NGC 4503 <37.67
NGC 2403 39.86 NGC 4527 40.12
NGC 2549 <38.05 NGC 4564 <37.83
NGC 2634 <38.07 NGC 4569 40.28
NGC 2639 40.48 NGC 4570 <38.02
NGC 2768 38.78 NGC 4578 <37.58
NGC 2775 <37.94 NGC 4608 <37.65
NGC 2841 38.80 NGC 4612 <37.63
NGC 2911 39.38 NGC 4621 <37.99
NGC 2950 <38.42 NGC 4638 <37.93
NGC 2985 38.36 NGC 4648 <38.41
NGC 3034 41.20 NGC 4649 <37.73
NGC 3077 38.36 NGC 4665 <37.93
NGC 3115 <37.80 NGC 4736 37.81
NGC 3310 40.53 NGC 4754 <38.01
NGC 3368 38.91 NGC 4826 38.87
NGC 3384 <37.56 NGC 4914 <38.84
NGC 3395 39.62 NGC 5055 38.62
NGC 3516 39.99 NGC 5194 39.80
NGC 3610 <38.55 NGC 5195 38.67
NGC 3613 <38.32 NGC 5273 38.70
NGC 3640 <38.18 NGC 5473 <38.39
NGC 3642 39.38 NGC 5474 37.31
NGC 3838 <38.12 NGC 5523 39.06
NGC 3898 38.91 NGC 5548 40.22
NGC 3949 38.63 NGC 5576 <38.49
NGC 4026 <38.10 NGC 5585 37.69
NGC 4051 39.68 NGC 5676 39.04
NGC 4125 39.09 NGC 5701 38.22
NGC 4151 40.94 NGC 5746 39.25
NGC 4152 39.92 NGC 5775 39.53
NGC 4179 <38.45 NGC 5813 38.64
NGC 4251 <37.74 NGC 5850 39.25
NGC 4267 <37.88 NGC 5921 39.15
NGC 4291 <38.38 NGC 6654 <38.11
NGC 4339 <38.02 NGC 6946 39.96
NGC 4365 <37.98 NGC 7332 <38.03
NGC 4371 <37.61 NGC 7457 <37.24
NGC 4379 <37.63      
APPENDIX
SUPPLEMENTARY Hα LUMINOSITIES FOR THE PALOMAR SURVEY
The catalog of Hα luminosities presented in Paper III contains a number of entries that were not reliable because they were based
on observations taken under nonphotometric conditions6. Table 4 gives an updated list of Hα luminosities for those galaxies for
which we were able to locate published Hα fluxes. Most of the data come from the surveys by Heckman, Balick, & Crane (1980),
Stauffer (1982a), and Keel (1983a). The luminosities are based on the distances given in Paper III, and they have been corrected
for Galactic and internal extinction using the values of Galactic extinction and Balmer decrements given in Paper III. In addition
to the literature data, Table 4 also includes (3 σ) upper limits for the Hα luminosities of all absorption-line nuclei observed under
photometric conditions. The luminosity upper limits were compute by combining the continuum flux density at 6600 Å with the 3 σ
upper limits for the equivalent width of Hα emission (see Paper III), assuming a line width of FWHM = 250 km s−1.
6 In Paper III, we listed the nonphotometric measurements as lower limits. This is not strictly correct. Line fluxes measured under nonphotometric conditions can be
either too high or too low compared to the true value; they are simply inaccurate.
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